Abstract. In human subjects, aberrant crypt foci (ACF) can be classified as dysplastic or non-dysplastic using magnifying colonoscopy. Dysplastic ACF are thought to be a biomarker for the risk of colorectal cancer (CRC). Hyperinsulinemia and insulin-like growth factor-1 (IGF-1) have also been reported to be associated with an increased risk of CRC. To clarify this association, we investigated the relationship between diabetes risk, IGF-1 and the number of dysplastic ACF. Assessment of the number of dysplastic ACF in the entire colorectum is technically difficult, and we imaged the lower rectum only. Blood collections were taken in the morning on the day of colonoscopy. A total of 512 ACF were counted in 84 male participants, and a correlation was demonstrated to exist between age, body mass index (BMI), fasting blood sugar (FBS), insulin, homeostasis model assessment-insulin resistance (HOMA-IR), plasma leptin levels, plasma IGF-1 levels and the number of dysplastic ACF. A significant association between plasma IGF-1 levels and the number of dysplastic ACF was still demonstrable after adjustment for age, BMI, FBS, insulin, HOMA-IR and plasma leptin levels. Our findings suggest that increased plasma leptin and IGF-1 levels, hyperinsulinemia and insulin resistance may promote the growth of dysplastic ACF. The results of multiple regression analysis revealed that increased plasma IGF-1 levels are associated with the number of dysplastic ACF present, and may be an independent risk factor for CRC. In conclusion, elevated plasma IGF-1 may promote the growth of dysplastic ACF and play a key role in colon carcinogenesis in male individuals.
Introduction
Colorectal cancer (CRC) has a high mortality and morbidity rate, and its prevalence worldwide is increasing (1, 2) . The precise risk factors for CRC remain unknown, although a positive family history and several dietary and lifestyle factors have been proposed (3) . In the present study, we aimed to investigate several risk factors for colon carcinogenesis by employing ACF, which are a known biomarker for the risk of CRC.
ACF were first identified in mice treated with azoxymethane (4), and have since been established as a biomarker for the risk of CRC in azoxymethane-treated mice and rats (5) . In humans, ACF can be classified as dysplastic or nondysplastic using magnifying colonoscopy (6) . While ACF have not, in general, been firmly established as precursor lesions of CRC, dysplastic ACF are thought to be a reasonably reliable biomarker of CRC risk (6) .
If hyperinsulinemia, alone or in combination with other characteristics of the insulin resistance syndrome, is associated with an increased risk of CRC, it too may play a key role in colon carcinogenesis. However, the association between type 2 diabetes mellitus (DM) and the risk of CRC has not been thoroughly examined, although a recent study reported an increased prevalence of colonic adenomas in diabetic patients (7) . Insulin, similar to insulin-like growth factor-1 (IGF-1), stimulates the growth of both normal colon and colon cancer cells in vitro (8, 9) . Furthermore, the expression of both insulin and IGF-1 receptors has been demonstrated in CRC (10, 11) . Nevertheless, the relationship between hyperinsulinemia or insulin resistance and colon carcinogenesis remains unclear.
To clarify this association, we investigated the relationship between the plasma levels of IGF-1 and numbers of dysplastic ACF, since the latter is thought to be a biomarker of the risk (12, 13) . These differences may be influenced by sex hormones, which show dramatic changes around menopause in females. Plasma IGF-1 also declines linearly with age in male individuals, but not in females, prompting us to design this study for male subjects alone. We investigated the relationship between the plasma levels of insulin, insulin resistance and the numbers of dysplastic ACF (14) .
Patients and methods
Study sample. The study protocol was approved by the Yokohama City University Hospital Ethics Committee. We prospectively evaluated 84 consecutive male subjects who underwent colonoscopy at Yokohama City University Hospital, Japan. The exclusion criteria were: presence of contraindications to colonoscopy, current or past history of the use of non-steroidal anti-inflammatory drugs including aspirin, and a history of adenoma, carcinoma, familial adenomatous polyposis, inflammatory bowel disease, radiation colitis, oral anti-hyperglycemic drug use or insulin therapy. Subects with a history of colectomy, gastrectomy and colorectal polypectomy were also excluded. Written informed consent was obtained from all the subjects prior to their participation in the study.
Collection and analysis of blood samples for leptin and IGF-1 levels.
Blood samples were obtained in the morning on the day of colonoscopy after overnight fasting. Plasma leptin and IGF-1 levels were measured by SRL Co. Ltd. (Tokyo, Japan).
Demographic, lifestyle and clinical data. Immediately before the colonoscopy, a detailed history was obtained from the participants, and their age, height and weight was recorded.
Magnifying colonoscopy for aberrant crypt foci. Participants were prepared with polyethylene glycol for the magnifying colonoscopy. A Fujinon EC-490ZW5/M colonoscope was used (Fujinon Toshiba ES Systems Co., Ltd., Tokyo, Japan). Total colonoscopy was performed prior to the imaging of rectal ACF. Subsequently, 0.25% methylene blue was applied to the mucosa with a spray catheter. Based on the results of a previous study (6) , ACF were counted in the lower rectal region, from the middle Houston valve to the dentate line. We relied on endoscopic criteria to confirm dysplastic ACF, as it is very difficult to do so pathologically due to the very small size of these lesions, which complicates sampling by colonoscopy and the precision of slicing. In addition to the technical difficulties involved, it was necessary to consider the increased burden that a sampling procedure would place on the participants. All ACF were recorded photographically and evaluated by two independent observers, both unaware of the clinical history of the subjects.
Criteria for endoscopic diagnosis. ACF were defined as lesions in which the crypts were larger in diameter and showed darker staining with methylene blue than normal crypts, often having oval or slit-like lumens and a thicker epithelial lining (15) (16) (17) (18) . Dysplastic ACF were defined as crypts with compressed or indistinct lumina, with an epithelial lining much thicker than that of the surrounding normal crypts as detected by magnifying colonoscopy (Fig. 1) .
Statistical analysis. The association between the risk factors for CRC and the number of dysplastic ACF was examined by statistical analysis. Data are expressed as the mean ± standard deviation (SD), unless otherwise indicated. The relationship between the number of dysplastic ACF and the relevant covariates was examined by univariate regression analysis. Standardized correlation coefficients were determined with StatView software (SAS Institute Inc., Cary, NC, USA). Multiple regression analysis was performed to assess the relationship between the number of dysplastic ACF and the potentially associated variables, and to determine the standardized correlation coefficients. The dependent variable was the number of dysplastic ACF, and the independent variables were age, body mass index (BMI), fasting blood sugar (FBS), insulin, homeostasis model assessment-insulin resistance (HOMA-IR), plasma IGF-1 and leptin levels. P<0.05 was considered to denote statistical significance. r=0.219, P=0.0448; BMI: r=0.303, P=0.0058). FBS, plasma insulin and HOMA-IR were correlated with the number of dysplastic ACF (FBS: r=0.322, P=0.0041; insulin: r=0.333, P=0.0061; HOMA-IR: r=0.385, P=0.0013). The plasma levels of IGF-1 and leptin were correlated with the number of dysplastic ACF (IGF-1: r=0.258, P=0.0177; leptin: r=0.268, P=0.0135). The serum levels of total cholesterol and triglyceride were not correlated with the number of dysplastic ACF. Age was the only parameter that was significantly correlated with the number of non-dysplastic ACF (r=0.249, P=0.0222). Table III . After adjustment for age, BMI, FBS, insulin, HOMA-IR and leptin, IGF-1 was still statistically significantly correlated with the number of dysplastic ACF (P=0.0251).
Results

Colonoscopic features of aberrant crypt foci.
Multiple regression analysis for correlations between CRC risk factors and the number of dysplastic ACF. The results of multiple regression analysis are shown in
Discussion
Hyperinsulinemia has been linked to a higher incidence of malignancies and/or has been reported to be a predictor of cancer mortality. Insulin has been demonstrated to have some homology to IGF-1; moreover, the two have been shown to have some affinity for tumor growth factor receptors. Hence, the existence of an association between hyperinsulinemia, IGF-1 and carcinogenesis appears plausible (19) . Insulin-like growth factors are potent mitogenic and anti-apoptotic molecules involved in the regulation of cell proliferation in various epithelial cells (20) .
In this study, a total of 512 ACF were counted in the 84 male participants, and a significant correlation was observed between plasma IGF-1 levels and the number of dysplastic ACF. Age was also associated with the number of nondysplastic and dysplastic ACF. CRC is thought to progress through several morphological stages, from the formation of polyps to the onset of malignant change (21) . Therefore, the increased risk of the formation of ACF with age may mainly be influenced by these alterations.
Plasma leptin has been shown to be associated with the number of dysplastic ACF. Moreover, it has been suggested that plasma leptin increases the risk of CRC and acts as a growth factor for CRC cells (22) . Hyperinsulinemia is known to be present during the early stages of type 2 DM (23), and pre-clinical studies have indicated that insulin stimulates cellular proliferation, decreases apoptosis, and promotes tumorigenesis within the colorectum (24-27). It thus seems biologically plausible that individuals with hyperinsulinemia MOLECULAR MEDICINE REPORTS 2: 339-343, 2009 Table I . Clinical characteristics of study participants. 
Data are expressed as the mean ± SD; n=84.
- Table III . Multiple regression analysis to determine correlations between the number of dysplastic ACF and CRC risk factors. 
2 for the entire model = 0.307. a P<0.05 was considered to denote statistical significance in the results of multiple regression analysis. After adjustments for age, BMI, FBS, plasma insulin, HOMA-IR and plasma leptin, plasma IGF-1 levels were still statistically significantly correlated with the number of dysplastic ACF. Table II . Univariate regression analysis to determine correlations between the number of non-dysplastic or dysplastic ACF and CRC risk factors. 
Age was the only parameter that was significantly correlated with the number of non-dysplastic ACF. Age, BMI, FBS, plasma insulin, HOMA-IR, plasma IGF-1 and plasma leptin were correlated with the number of dysplastic ACF. a P<0.05 was considered to denote statistical significance.
might be at an increased risk for CRC. A positive association between type 2 DM and colon carcinogenesis has been reported to exist in male individuals (28) . Our results revealed a strong correlation between the plasma levels of insulin and HOMA-IR as a measure of insulin resistance and the number of dysplastic ACF in male, but not in female, individuals (data not shown). During the early stages of type 2 DM, hyperinsulinemia results from a combination of insulin resistance and increased insulin secretion (29) .
Our data suggest the existence of a direct correlation between plasma IGF-1 levels and the number of dysplastic ACF in males (Table II) . Multiple regression analysis was performed to assess whether elevated plasma IGF-1 is associated with the presence of dysplastic ACF. If dysplastic ACF is a biomarker for the risk of colorectal adenoma or CRC, then factors associated with CRC risk may also influence the number of dysplastic ACF. However, IGF-1, insulin and insulin resistance are also associated with each other, thus IGF-1 is not only an indicator of CRC risk. Insulin increases the release of bioactive IGF-1 by various mechanisms (30) . Growth hormones are the primary regulator of IGF-1 production by the liver, and the number of growth hormone receptors in the liver is partly regulated by insulin (31) (32) (33) . Very little is known regarding the factors that initiate or promote the growth of dysplastic ACF in humans. Further investigation is needed for the precise elucidation of these mechanisms.
In conclusion, our results indicate that plasma IGF-1 may promote dysplastic ACF, which in turn suggests that IGF-1 may play a key role in colorectal carcinogenesis in male individuals. This provides new insight into the mechanisms involved in the disease.
